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A B S T R A C T
A simple method to fabricate itraconazole (ITZ)-loaded pectin nanoparticles prepared from
nanoemulsion templates is described in this study. Nanoemulsions containing ITZ were pre-
pared by a mechanical homogenization using pectin as emulsifier. After freeze-drying, the
morphology, crystallinity state, thermal properties, drug dissolution and stability of the ob-
tained pectin nanoparticles were characterized.The results demonstrated that the morphology
of freeze-dried products was different, depending on the type of internal phase; the
nanoparticles prepared from chloroform-based nanoemulsions were completely dried and
provided a fragile characteristic. The pectin nanoparticles also demonstrated good proper-
ties in terms of redispersibility, thermal properties, drug crystallinity and dissolution. The
ITZ-loaded pectin nanoparticles showed high percentage of drug dissolved (about 60–80%
within 2 h), and maintained their good dissolution properties even after 1-year storage. The
results suggested that freeze-dried pectin nanoparticles prepared from nanoemulsions could
be used as an effective carrier for enhancement of ITZ dissolution.
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1. Introduction
Pectin is a natural polysaccharide structurally composed by large
amounts of poly-D-galacturonic acid bonded via α-1,4-glycosidic
linkage. According to its degree of methyl esterification, pectin
can be classified as high methoxyl (HM) pectin or low methoxyl
(LM) pectin, which yields some differences in its properties [1,2].
Pectin has commonly been used as a gelling agent, a thick-
ening agent and a colloidal stabilizer in the food industry [3].
Its applications in the pharmaceutical industry are increased
in the last decade (e.g. [4–6]). The presence of surface-active
molecules in pectin offers the emulsification properties [7]. In
addition, pectin is known to be biocompatible and to exhibit
very low toxicity, which are mandatory prerequisites for
drug delivery application. In the previous study [8], the
nanoemulsions containing a poorly water-soluble drug were
prepared by using pectin as a polymeric emulsifier. The influ-
ences of type of internal phase, type and concentration of pectin
on the droplet size, morphology, and zeta potential of the pectin-
based emulsions have been examined. Pectin with high DE
offers good emulsion properties because of its high amount
of hydrophobic molecules.
Itraconazole (ITZ) is a poorly water-soluble antifungal drug
having a broad spectrum of activity against a variety of patho-
gens causing opportunistic infection in HIV-infected patients
[9]. ITZ is a weak basic drug (pKa = 3.7) which is virtually ionized
at low pH, having extremely low water solubility (about 1 ng/mL
at neutral pH and about 4–6 μg/mL at pH 1) [10]. Over the last
decade, a large number of publications dealt with drug deliv-
ery strategies for poorly water-soluble and lipophilic drugs,
including solid dispersions and nanoparticulate based formu-
lations [11]. However, the major disadvantages of solid
dispersion are related to their instability (e.g., physical
instability/re-crystallization risks of solid dispersion with the
potential of deteriorating drug release and bioavailability).Thus,
polymeric nanoparticles have been extensively studied as par-
ticulate carriers in the pharmaceutical fields because they show
promise as drug delivery systems as a result of their subcel-
lular size and enhanced intestinal absorption of poorly water-
soluble drugs [11]. In addition, nanoparticles are described to
permeate epithelia more easily than microparticles and provide
a controlled release of the encapsulated drugs.
In general, high-pressure homogenization (e.g., micro-
fluidizer) has been used for preparation of nanoparticles ac-
cording to its advantages of supplying the available energy in
a short time and having homogenous flow, which is suitable
for the preparation of nanoemulsions [12]. The disadvantage
of this method, however, is that about 50–100 passages through
the microfluidizer are generally required to result in nano-
sized particles [13,14]. Alternatively, other types of homogenizers
such as mechanical or ultrasonic homogenizers could be used
to reduce processing time and increase batch size [13]. Rotor–
stator generator type homogenizer is one type of mechanical
homogenizer, which is the most economical and the easiest
to operate as well as maintain. This homogenizer consists of
a rotor that turns within a stationary stator. As the blades rotate,
materials are continuously drawn into one end of the mixing
head and expelled at high velocity through the openings of the
stator. The differential speed and close tolerance between the
rotor and stator generate high levels of hydraulic shear, pro-
moting fast mixing and producing small droplets in emulsions
[13,15].
The aim of this study was to develop pectin nanoparticles
containing a poorly water-soluble drug, ITZ, from nanoemulsion
templates. A rotor–stator generator type of homogenizer was
used to prepare nanoemulsion templates to avoid high-
pressure conditions.The effects of homogenization speed, type
of internal (oil) phase, type of pectin on the properties of the
nanoemulsion templates were also examined. The obtained
nanoemulsions were then freeze-dried in order to get the solid
nanoparticles. The dried nanoparticles were characterized to
investigate the drug properties, including morphology, crys-
tallinity state, thermal properties and dissolution. The stability
of nanoparticles in various conditions was also studied.
2. Materials and methods
2.1. Materials
The pectins used in this study were a gift from Herbstreith &
Fox KG (Germany), namely, LM pectin (referred to as LMP) with
a degree of esterification of 38, amidated LM pectin (referred
to as ALMP) with a degree of esterification of 29 and degree
of amidation of 20, and HM pectin (referred to as HMP) with
degree of esterification of 70.The molecular weight of LMP, ALMP
and HMP was 70, 150 and 200 kDa, respectively. Caprylic/
capric triglyceride (Miglyol® 812) was a gift from Sasol GmbH
(Germany) and referred to as CCT. ITZ was from Nosch Labs
Private (India). Chloroform was supplied by Carl Roth GmbH
(Germany). Deionized water was used as aqueous phase in all
preparations.The simulated gastric fluid (SGF) used in this study
was prepared based on USP guideline. Briefly, 7 mL of hydro-
chloric acid and 2 g of sodium chloride were dissolved in
distilled water before adjusting the solution volume to 1 L; the
pH of SGF was adjusted to 1.20 ± 0.05. All other chemicals used
in this study were of pharmaceutical grade and used as re-
ceived without further purification.
2.2. Preparation of pectin nonaparticles containing ITZ
from nanoemulsion templates by mechanical homogenizer
Oil-in-water or chloroform-in-water emulsions were pre-
pared by using mechanical homogenization. ITZ was dissolved
in oil phase (either CCT or chloroform) at different concen-
trations depending on its solubility (i.e., 0.003% (w/w) in CCT
or 3% (w/w) in chloroform) [8]. Twenty grams of CCT or chlo-
roform were mixed with pectin solution (80 g) using a rotor–
stator type of mechanical homogenizer (Ultra-Turrax® T50 Basic,
IKA, Germany). The pectin (HMP) concentration investigated
was 0.5, 1, 1, 2 and 3% (w/w). The effect of homogenizing speed
on droplet size of emulsions using 3% (w/w) HMP was also de-
termined at varying speeds of 8000, 9500, 13,500, 20,500, and
24,000 rpm. The homogenization was operated for 20 min, in
an ice-bath at the controlled temperature of −10 °C to avoid
overheating.
Consequently, the suitable conditions were chosen for further
experiments. Three types of pectin, i.e., LMP, ALMP and HMP,
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were used in this study.The obtained nanoemulsions were then
dried by a freeze-dryer (Freezone 2.5, Labconco, USA) to prepare
the dried particles; the nanoemulsions were pre-frozen by
dipping in liquid nitrogen before placing in the freeze-dryer
in which solvent was evaporated under 0.29 mbar and −49 °C.
The dried products were cut into small pieces before further
characterization.
2.3. Zeta potential measurement
The zeta potential of the nanoemulsions was measured by
a zeta potential analyzer (ZetaPlus, Brookhaven, USA).
Nanoemulsions were dispersed in deionized water at a ratio
of 1:50 (v/v) and the electric field applied was 1 V. The average
and standard deviation of the measurement of three batches
of nanoemulsions were reported.
2.4. Morphology examination
The morphology of all nanoemulsions was investigated by a
light biological microscope (Motic BA 300, Motic China Group,
P.R. China). The nanoemulsions were dropped on a glass slide
and a cover slit, then the photos of nanoemulsion droplets were
taken and investigated by the Motic Image Plus 2.0 program.
After freeze-drying, the dried samples were also investi-
gated by a scanning electron microscope (Maxim-2000, CamScan
Analytical, England). Nanoparticle samples were fixed on SEM
stubs with double-sided adhesive tape and then coated in a
vacuum with thin gold layer before investigation.
2.5. Physicochemical characterization
The thermal properties of dried nanoparticles were observed
by a Sapphire DSC (Perkin Elmer, Germany). The physical mix-
tures prepared by mixing ITZ with various pectins at the ITZ
to pectin ratio of 1:6, corresponding to the ratio of ITZ to pectin
in nanoparticles, were also observed and compared. An accu-
rate amount (2–3 mg) of samples was placed inside standard
crimped aluminum pan and heated from 25 to 250 °C at a
heating rate of 10 °C/min under 30 mL/min nitrogen flow.
Powder X-ray diffractometry (PXRD) was used to investi-
gate the crystalline state of ITZ. PXRD patterns of ITZ in
nanoparticles and physical mixtures were obtained using the
X-ray diffractometer (D8, Bruker, Germany) at 40 kV, 40 mA over
the range of 5°–45° 2θ using a Cu Kα radiation wavelength of
1.5406 Å.
The Fourier transform infrared spectroscopy (FTIR) spectra
of all samples were obtained by a Nicolet 4700 FTIR spectro-
photometer (Thermo Electron Corporation, USA). ITZ, pectin,
physical mixture of ITZ and pectin, and nanoparticle samples
were prepared using the KBr disk method. Each sample was
blended with KBr powder and compressed to a disk with pres-
sure of 5 tons before placing in the sample holder. The spectral
values of the samples were obtained by scanning from 4000
to 400 cm−1 at a resolution of 4 cm−1. FTIR spectral param-
eters of the samples were obtained using a software package
(OMNIC FT-IR Software, version 7.2a, Thermo Electron Corpo-
ration, USA).
2.6. Redispersibility test
The dried particles were cut into small pieces and then dis-
persed in a proper amount of distilled water and SGF for 1 h
using a magnetic stirrer (C-MAG HS 7, Ikamag, Germany) at a
speed of 100 rpm. The median particle size of redispersed par-
ticles was determined by a static light scattering method (Laser
scattering particle size distribution analyzer LA-950, Horiba,
Japan) under continuous stirring and obtained from the mea-
surements of at least three batches.
2.7. Loading capacity and loading efficiency of
nanoparticles
The loading capacity of the nanoparticles was determined prior
to dissolution test. The commercial product of ITZ (Sporal®, lot
number B943004, Olic Ltd., Thailand) and nanoparticles were
dispersed in methanol and sonicated for 120 min and then
stirred for 3 h to ensure that the pectin wall was broken and
the entire ITZ dissolved in the solvent. The methanol solu-
tion was then passed through 0.22-μm membrane. The drug
amount was investigated by a high performance liquid chro-
matography, HPLC (Agilent, USA), using Alltima C18 column
(5 μm, 25 cm × 4.6 mm) (Alltech, Italy). The mobile phase con-
sisting of acetonitrile : water (37:63, v/v) was adjusted to pH 2.45
with phosphoric acid, filtered through a membrane filter
(0.22 μm), and degassed in sonicator before use. The flow rate
was 1.0 mL/min, and the UV detection wavelength was 263 nm.
The loading capacity and loading efficiency of the nanoparticles
were calculated by Equations (1) and (2), respectively.
Loading capacity
Total amount of ITZ mg
Amount of n
%( ) = ( ) × 100
anoparticles mg( ) (1)
Loading efficiency
Total amount of ITZ mg
Total amo
%( )
=
( ) × 100
unt of ITZ added initially mg( ) (2)
2.8. Dissolution test
Dissolution studies of ITZ were performed in triplicate at
37 ± 0.5 °C employing USP apparatus I (basket, 100 mesh) with
a speed of 100 rpm (DT70, Erweka, Germany).The nanoparticles,
which contained an equivalent amount of 3.0 ± 0.1 mg of ITZ,
were weighed and transferred to dissolution vessels contain-
ing 1000 mL of SGF. Samples were withdrawn from the
dissolution vessels at 5, 10, 20, 30, 60, 90, and 120 min and
passed through 0.45-μm cellulose membrane. Then, the analy-
sis for ITZ content was done by HPLC assay, as described above.
2.9. Stability of dried nanoparticles
The selected formulations of pectin nanoparticles were kept
at ambient conditions (25 °C) for 12 months before character-
ization by PXRD, redispersion and dissolution tests. The
dissolution profiles of the nanoparticles kept at the ambient
conditions for 12 months were also compared with those of
freshly prepared nanoparticles by the model-independent
method, dissolution efficiency (DE). The DE was computed by
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a curve fitting software, KinetDS, which is an open source soft-
ware and available at http://sourceforge.net/projects/kinetds/,
using the following equation.
DE
dt
ty
%( ) = ∫ 100 (3)
where y is the percentage of drug dissolved at time t [16]. DE
results were subjected to Student’s t-test employing Microsoft
Excel 2010 (Microsoft, USA). Differences between means were
considered statistically significant at P < 0.05.
3. Results and discussion
3.1. Preparation of nanoemulsion templates
In this study, nanoemulsions were formed by mechanical
homogenization using Ultra-Turrax (rotor–stator type) homog-
enizer. In general, the size of emulsion droplet formed by
homogenization is controlled by the interplay between droplet
breakup and droplet coalescence [15,17]. Droplet breakup is con-
trolled by the type and amount of shear applied to the droplets
as well as the droplets’ resistance to deformation, which is de-
termined by the surfactant. The rate of droplet coalescence is
determined by the ability of the surfactant to adsorb on the
surface of newly formed droplets; this is governed by the sur-
factant concentration and the surface activity [15].
In preliminary studies, the effect of homogenization speed
on the droplet size was clearly observed. The emulsion droplet
size decreased when the homogenization speed was in-
creased from 8000 to 24,000 rpm (data not shown). Although
the report of Maa and Hsu [18] suggested the optimum ho-
mogenization time of 5 min, in this study, the homogenization
time was fixed at 20 min to ensure the homogeneous disper-
sion of internal droplet in the high-viscosity pectin solution.
In CCT-based formulations, the diameter of emulsion drop-
lets decreased from 15–22 μm to about 8 μm for LMP and ALMP,
and 2 μm for HMP when the concentration of pectin was in-
creased from 0.5 to 3% (w/w). For the formulations that used
chloroform as an internal phase, 3% (w/w) pectin yielded nano-
sized emulsions with the droplet size of about 500–600 nm.
These results indicated that the size of emulsion droplets de-
creased with the increased concentration of the pectin solution.
The relationship between emulsion droplet size and pectin con-
centration can be explained in terms of steric effect or surface
coverage of the polymeric surfactant [8]. As a hydrocolloid, it
contains hydrophobic groups (e.g., methyl ester groups and
amide groups) that are numerous enough and sufficiently ac-
cessible on a short timescale to enable the adsorbing molecules
to adhere to and spread out at the interface, thereby protect-
ing the newly formed droplets [7]. However, the limited
emulsifying capacity of pectin may result from the insuffi-
cient amphiphilic character of pectin to produce substantial
and rapid lowering of the interfacial tension during droplet
breakup.
Kravtchenko et al. [19] reported that pectin can stabilize
casein micelles above a concentration called ‘the critical pectin
level’ by interacting with the protein, thus preventing their ag-
gregation as a result of steric repulsion forces which prevent
the micelles from approaching each other. Kalsta et al. [20] also
observed that HMP can stabilize emulsions containing poly-
sorbate 20/whey protein isolate against creaming and
coalescence, and this was attributed to the formation of a pectin
layer on the polysorbate 20/whey protein isolate containing oil
droplet as a result of interactions with absorbed whey protein
molecules through electrostatic forces. Pectin may stabilize the
emulsion system against phase separation by increasing the
viscosity of the aqueous phase and, therefore, retard droplet
or particle movement. This stabilizes the system as long as its
value remains high enough to counteract the forces respon-
sible for phase separation [21]. In this case, pectin adsorption
leading to steric stabilization of oil droplets can take place.
Therefore, from the results mentioned above, the homog-
enization speed of 24,000 rpm and the pectin concentration of
3% (w/w) were chosen for further investigation.
3.2. Morphology of nanoparticles obtained from
freeze-drying of nanoemulsions
The nanoemulsions were dried by freeze-drying process. The
products recovered had a cake-like structure, a typical char-
acteristic of polymeric freeze-dried products [22]. The freeze-
dried products were different, depending on the type of internal
phase. In the case of chloroform-based nanoemulsions, the
freeze-dried products were completely dried and had a fragile
characteristic. The products from CCT-based emulsions were
oily and dense because high amount of oil remained in the for-
mulations. The characteristics of dried products were
investigated to adjust the most suitable formulation for oral
administration.
Freeze-dried products from both CCT-based and chloroform-
based emulsions contained no observable pore, indicating no
large ice crystal formed in the freeze-drying process [23], al-
though about 75% (w/w) of water was removed from the
formulations. The cakes were sliced to thin layer and ob-
served by a light microscope (Fig. 1). It was clearly seen that
CCT-based particles contained large oil droplets in polydispersed
cluster for all types of pectin, corresponding to the emulsion
droplet size before drying which were about 5–15 μm. The oily
particles with low drug loading of CCT-based particles limit their
use as a high amount of product is required to maintain thera-
peutic concentration. Therefore, CCT-based particles were
excluded from this study. The nanoparticles prepared from
chloroform-based nanoemulsions containing ITZ showed the
fine particles embedded in the pectin film. In the case of
nanoemulsions using ALMP, after freeze-drying, the particles
seem to be larger than those using HMP and LMP. This might
be due to the instability of the emulsions during freeze-
drying process. The results suggested that using HMP or LMP
resulted in more stable emulsions. The polymer layer formed
at the nanoparticle surface may help to stabilize the
nanoparticles and improve their freezing resistance.
The morphology of dried emulsion powders was investi-
gated by SEM as also shown in Fig. 1. The freeze-dried products
revealed a porous, sponge-like structure with round-shaped,
submicron-sized globules spreading over pectin film. No ITZ
crystal was seen in all formulations. These results confirm the
morphology of dried powders and also the stability of the emul-
sions through freeze-drying. The size of nanoemulsions in all
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formulations was similar, i.e., around 500–600 nm before drying.
However, after freeze-drying process, particle size was in-
creased due to coalescence that can occur during freeze-
drying [24]. The ALMP-based dried powders showed the largest
droplet size, while LMP and HMP formulations gave quite tiny
particles with a particle size of about 1 μm. The SEM images
of CCT-based particles could not be taken due to the pres-
ence of oil in the chamber.
3.3. Thermal properties and crystalline state of ITZ in
nanoparticles
Fig. 2a shows DSC thermograms of physical mixtures and
nanoparticles containing ITZ. The melting peak of ITZ crys-
tals can be observed around 166–168 °C [14]. The thermal
properties of physical mixtures of ITZ and various types of
pectin at a ratio of 1:6 were compared to those of the
nanoparticles. All physical mixtures investigated showed a
melting endothermic peak associated with the occurrence of
crystalline ITZ. In the case of nanoparticles, no melting peak
of ITZ was found, indicating that the drug is molecularly dis-
persed in the polymer.
Freeze-dried ITZ using chloroform as the crystallizing solvent
caused the glassy form of ITZ (data not shown), which showed
an endothermic peak at approximately 85–90 °C. This peak is
due to the transition of the chiral nematic mesophase to the
isotropic liquid phase, typical for glassy ITZ [25]. In this case,
the protective effect of the polymer is clear since no exother-
mic recrystallization peak was detected, indicating that the
glassy fraction remained in its metastable state [26].
The drug crystallinity in all formulations was confirmed by
PXRD method, as shown in Fig. 2b. Pectin exhibited a halo-
pattern [27], indicating that the drug was molecularly dispersed
in polymer, while ITZ crystals showed very high crystallinity.
Untreated ITZ presented sharp crystalline peaks, with the major
peaks at 17.45 and 17.95 (doublet), 20.30, and 23.45 2θ degree.
The PXRD patterns of physical mixtures showed the peak at
the same position as untreated ITZ, indicating no change in
drug crystallinity during the mixing process. The PXRD pat-
terns of nanoparticles showed a broad typical hump of
(a)
(b)
(c)
5 µm
CCT-based particles
(optical)
Chloroform-based particles
(optical)
5 µm 10 µm
Chloroform-based particles
(SEM)
Fig. 1 – Optical images (left column and middle column) and SEM images (right column) of particles prepared from
CCT-based and chloroform-based nanoemulsions using (a) HMP, (b) ALMP and (c) LMP.
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amorphous material with an absence of the characteristic crys-
talline ITZ peaks, indicating that ITZ was changed to a non-
crystalline form by the preparation process. This is also
supported by DSC analysis in which no melting endotherm was
observed.
3.4. FTIR spectrum of nanoparticles
The FTIR spectrum of untreated ITZ is shown in Fig. 3a. The
spectrum showed the characteristic peaks of ITZ which ap-
peared at 3127.1, 3068.5, 2936.0, 2823.6, 1698.4, 1510.8 and
1451.3 cm−1. The absorption bands between 2800 and 3200 cm−1
corresponded to the alkane, aromatic CH and amine groups
[28]. The absorption of the NH2 groups were found at 3442.0,
3127.1, 3068.5 cm−1. The first band was assigned to be due to
stretching vibration of free N—H in the drug molecule.The other
two bands were caused by the amino group and the sharp peak
occurring at 1698.4 cm−1 was due to C—O of the drug. This is
in agreement with the previously recorded spectrum of the pure
drug [28]. The IR region from 1400 to 600 cm−1, which is termed
the fingerprint region, usually contains a large number of un-
assigned vibrations.
The spectrum of all pectins showed a broad strong area of
absorption between 3600 and 2500 cm−1 represented by the
stretching of O—H groups of carboxylic acid. The peak at
2943 cm−1, which was outstanding for HMP, related to C—H
stretching vibration. In the case of esterified pectin, O—CH3
stretching band would be expected between 2950 and 2750 cm−1
due to methyl esters of galacturonic acid but, due to a large
O—H stretching response, the O—CH3 activity was not seen.
Stronger bands occurring at approximately 1745 cm−1, and
between 1640 and 1620 cm−1, indicated the ester carbonyl (C—O)
40             80            120           160            200           240
HMP physical mixture
LMP physical mixture
HMP nanoparticles 
LMP nanoparticles
ALMP physical mixture
ALMP nanoparticles
Temperature (ºC)
5 10 15 20 25 30 35 40 45
2q (degree)
HMP physical mixture
LMP physical mixture
HMP nanoparticles 
LMP nanoparticles
ALMP physical mixture
ALMP nanoparticles
ITZ powder
E
nd
ot
he
rm
ic
(a)
(b)
Fig. 2 – (a) DSC thermograms of physical mixture of ITZ and various types of pectin and nanoparticles, and (b) powder X-ray
diffraction patterns of ITZ, physical mixture of ITZ and various types of pectin and nanoparticles prepared from
nanoemulsion templates.
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groups and carboxylate ion stretching band (COO−), respec-
tively. The absorption patterns between 1300 and 800 cm−1 are
referred to as the fingerprint region that is unique to pectin
[29]. For amidated pectin, three addition bands of amide groups
were shown at 1681 (N—H bending), 1545 (N—O asymmetric
stretching) and 1413 (C—N) cm−1 [30].
Fig. 3 also shows the FTIR spectra of the physical mixture
of ITZ and pectin (HMP, LMP, and ALMP), nanoparticles and
pectin alone. In the spectra of nanoparticles, there was no new
absorption peak or shifting observed from the FTIR analysis,
indicating minor or no interaction between ITZ and pectin mol-
ecules. The nanoparticles prepared from both HMP, LMP, and
ALMP showed a similar pattern, which was a combination of
ITZ and pectin spectra. However, there were some differ-
ences in the FTIR spectra of physical mixture and nanoparticles.
In the spectra of nanoparticles, the absorption peak corre-
sponding to C—O of pectin increased, while the C—O peak of
ITZ decreased significantly, compared to the physical mixture
of ITZ and pectin at the same ratio. Moreover, the fingerprint
regions of the nanoparticles were similar to pectin, although
ITZ
HMP physical mixture
HMP nanoparticles 
HMP
Wavenumber (cm-1)
4000         3500 3000         2500     2000       1500         1000           500
Wavenumber (cm-1)
4000         3500 3000         2500     2000       1500         1000           500
LMP physical mixture
LMP nanoparticles 
LMP
Wavenumber (cm-1)
4000         3500 3000         2500     2000       1500         1000           500
ALMP physical mixture
ALMP nanoparticles 
ALMP
(a)
(b)
(c)
Fig. 3 – FTIR spectra of ITZ, physical mixture of ITZ and pectin, pectin-based nanoparticles and pure pectin; (a) HMP,
(b) ALMP and (c) LMP.
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the physical mixture showed the ITZ-like fingerprint. These
observations suggested the possibility of weak physical inter-
actions between ITZ and pectin [31] and the amorphous or
molecular level dispersion of ITZ in pectin [32].
3.5. Redispersibility of nanoparticles
Redispersibility of freeze-dried products is a critical charac-
teristic for drug administration. To rehydrate (reconstitute) the
freeze-dried nanoparticles, the same volume of water lost
during freeze-drying was added to the nanoparticles. The par-
ticle size of nanoemulsions and nanoparticles after redispersion
in water and SGF is shown in Fig. 4. HMP-based nanoparticles
demonstrated the excellent redispersibility within 30 min of
stirring in both water and SGF. The particle size of freshly pre-
pared nanoemulsions showed the size of 396 ± 25 nm while that
after redispersion in water and SGF was 377 ± 17 and
372 ± 21 nm, respectively. LMP-based nanoparticles could also
be redispersed easily in water.The particle size was 256 ± 59 nm
and 268 ± 34 nm for LMP-based nanoparticles before freeze-
drying and after redispersion, respectively. However, LMP-
based nanoparticles could not be redispersed in SGF within 1 h
and still showed the large particle size and wide size distri-
bution (3.53 ± 2.21 μm). ALMP-based nanoparticles showed the
poorest redispersibility in both distilled water and SGF. In SGF,
the nanoparticles were not completely dispersed and the cake
structure still remained after 1 h of stirring.
These results suggested low redispersibility of ALMP and
LMP, which corresponded to their gelation properties. In acidic
condition, LMP and ALMP turn into gel clusters, which cannot
be redispersed or dissolved. ALMP is LMP in which some of the
carboxylic acid groups are amidated. Amidation of LMP in-
creases its gel-forming ability due to the hydrogen bonding
between amide groups [2]. When the pH is decreased to below
3, the strong gels are formed for ALMP and much weaker gels
are formed for LMP [33]. Amidation has little influence on the
sensitivity to calcium ion, but strongly favors acid induced ge-
lation [34]. The difference in gelation of LMP and ALMP is only
significant at low pH, where amidation enhances gelation.
Therefore, redispersion of ALMP-based nanoparticles in SGF
(pH 1.2) is limited. In contrast, HMP-based nanoparticles could
redisperse freely in both water and SGF, indicating no gel for-
mations during the redispersion. Basically, HMP requires high
concentrations of a low molecular weight cosolute (normally
sucrose) and acidification (typically to pH 3) to form gels by hy-
drogen bond and hydrophobic interaction between hydrophobic
groups on the junction zones of HMP [1,2]. In the case of HMP-
based nanoparticles, the most hydrophobic parts of HMP may
incorporate in the internal droplet [8] when hydrophilic parts
covered the nanoparticle surface.The hydrophilic layer of HMP-
based nanoparticles was less than that of LMP/ALMP-based
nanoparticles, leading to less hydrogen bonding between the
polymers on the nanoparticle surface.The acid medium without
the presence of the cosolute could not induce the strong enough
gel; therefore, HMP-based nanoparticles could disperse easily
in acidified medium like SGF.
3.6. Loading efficiency and dissolution properties of ITZ
in nanoparticles
The loading capacity and loading efficiency of ITZ in each
pectin-based nanoparticles are shown in Table 1. The com-
mercial product of ITZ marketed in Thailand was used for
comparison purpose. The coated pellets were taken out of
capsule to be investigated for the drug amount. Practically, one
capsule of commercial product contains 100 mg of ITZ, or ap-
proximately 21.17% of the pellets. In this study, the ITZ
commercial product had a loading capacity of 19.67 ± 0.10%.
Pectin-based nanoparticles had a loading capacity and loading
efficiency of 11–13% and 80–88%, respectively. HMP-based
nanoparticles gave the highest loading capacity and loading
efficiency (Table 1).
Fig. 5 shows the dissolution profiles of ITZ from commer-
cial product and various formulations containing different types
of pectin. ITZ powders dissolved only 3–5% within 2 h, while
all nanoparticles showed significantly improvement. HMP-
based nanoparticles showed about 60% of drug dissolution
within 2 h while LMP-based nanoparticles and ALMP-based
nanoparticles showed 66% and 80% of drug dissolution, re-
spectively. These results indicated that freeze-dried products
prepared from nanoemulsions could be used as an effective
carrier for improvement of ITZ dissolution. However, the com-
mercial product demonstrated a better drug dissolution with
almost 100% drug dissolved within 60 min.
Although HMP-based nanoparticles and LMP-based
nanoparticles showed good results in size and redispersibility,
the percentage of drug dissolved was only 60% within 120 min,
whereas the ALMPs expressed the highest amount of drug dis-
solved, even if their redispersibility was limited.These behaviors
could be corresponding to the wall strength. The rupture of
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Fig. 4 – Droplet size of freshly prepared nanoparticles and
nanoparticles after redispersion in water and SGF (pH 1.2).
Table 1 – Loading capacity and loading efficiency of ITZ
in nanoparticles and commercial product.
Formulation Loading
capacity (%)
Loading
effficiency (%)
HMP-based nanoparticles 12.51 ± 0.35 87.57 ± 2.51
LMP-based nanoparticles 11.47 ± 0.11 80.32 ± 0.79
ALMP-based nanoparticles 11.66 ± 0.45 81.64 ± 3.21
ITZ commercial product 19.67 ± 0.10 92.90 ± 0.47
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pectin wall was found in ALMP-based nanoemulsions when
investigated with TEM, as also demonstrated in our previous
report [14].This may cause the leakage of nanoparticles, leading
to immediate release of ITZ, even though the polymer turned
to be hydrogel due to the acidity of SGF. Therefore, the fragile
wall components of ALMP-based nanoparticles should also be
considered as the factor influencing drug dissolution from the
nanoparticles.
3.7. Stability of nanoparticles
The stability of pectin-based nanoparticles was performed by
investigation of the drug crystalline state, redispersibility and
dissolution properties. The PXRD results (Fig. 6a) showed the
halo-pattern of molecularly dispersed amorphous drug;
however, there were some crystallinity peaks presented at ap-
proximately 12 and 21 2θ degrees, indicating the start of
transformation from amorphous to crystalline solid.
The redispersibility of nanoparticles after 1-year storage at
ambient conditions was investigated. Both HMP-based
nanoparticles and LMP-based nanoparticles could redisperse
easily in water and remained in the original size with narrow
distribution (Fig. 6b). Redispersion of HMP-based nanoparticles
in SGF also demonstrated the preferable characteristics while
the gelation of LMP-based nanoparticles and ALMP-based
nanoparticles was observed, as discussed above. These results
suggested that the nanoparticles were stable when tested for
their redispersibility.
Even though PXRD patterns showed a little change in crys-
tallinity of ITZ after storage (Fig. 6a), all the nanoparticles after
storage showed the same or slightly higher amount of ITZ dis-
solved than the freshly prepared ones. Table 2 shows the DE
of ITZ-loaded nanoparticles after 1-year storage at ambient con-
dition (25 °C) compared to that of freshly prepared nanoparticles.
No significant difference (P > 0.05) in DE was observed in the
case of HMP and ALMP-based nanoparticles. However, the DE
of LMP-based nanoparticles after 1-year storage was signifi-
cantly higher (P < 0.01) than the freshly prepared ones. These
results indicated the ability of the pectin carrier system to
maintain the molecularly dispersed amorphous behavior over
1-year storage at ambient conditions.
4. Conclusions
Pectin nanoparticles were prepared from nanoemulsion tem-
plates through mechanical homogenization (i.e., rotor–stator
type homogenizer) in order to enhance drug dissolution.
Nanoemulsions were achieved when chloroform was used as
an internal phase. The obtained nanoemulsions were then
freeze-dried to produce dried nanoparticles. The alteration of
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Fig. 5 – Dissolution profiles of ITZ from nanoparticles
prepared from nanoemulsion templates.
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Fig. 6 – (a) Powder X-ray diffraction patterns of various
nanoparticles prepared from nanoemulsion templates,
using mechanical homogenizer, after 1-year storage at
ambient condition (25 °C), and (b) droplet size of
redispersed nanoparticles (in water and pH 1.2 SGF) after
1-year storage at ambient condition (25 °C).
Table 2 – Dissolution efficiency of ITZ-loaded
nanoparticles after 1-year storage at ambient condition
(25 °C) compared to that of freshly prepared
nanoparticles.
Formulation DE (%) P-value
Freshly
prepared
After 1-year
storage
HMP-based nanoparticles 57.37 ± 3.96 54.34 ± 1.76 0.45
LMP-based nanoparticles 64.98 ± 3.06 87.03 ± 4.03 0.00
ALMP-based nanoparticles 80.02 ± 8.86 82.23 ± 7.05 0.31
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ITZ crystalline state was clearly observed from powder X-ray
diffractogram while minor or no interaction between ITZ and
pectin was found in the nanoparticles. The ITZ-loaded
nanoparticles prepared from nanoemulsion templates showed
high amounts of drug dissolved in SGF, i.e., about 80% within
2 h, more than 10 folds over ITZ powder. The nanoparticles
could maintain their good dissolution properties over 1-year
storage. Therefore, the pectin nanoparticles prepared from
nanoemulsion templates are a promising carrier to improve
the dissolution of ITZ.
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